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Abstract

In Western Australia. ordered columbite-tanta-
lite oceurs at Mt., Franelseo, Nullaglne, Green-
bushes and Ravensthorpe, ixiolite at Tabba
Tabba and Londonderry. wodginite at Wodgina,
Tabhba Tabba and Marble Bar and disordered
eolumbite-tantalite at numerous loeallties.

The X-ray powder diffraetion patterns of the
mineral group are generally similar with dlag-
nostie slight differences,

Ordered ecolumblite-tantalite is orthorhombie,
pale brown with vitreous lustre, good 010
eleavage and distinetive powder X-ray lines at

T.13A and 5.30A,
Partially to eompletely disordered columbite-
tantalite is orthorhombie, black with submeml:

lic lustre. no cleavage and the 7.13A and 5.30A
lines are weak or absent but ean be restored
with heat treatment.

Ixiollte is orthorhombie, dark brown
reslnou§ lustre, no cleavaze and has no 7.13A
or 5.30A line.

Wodginite 1s monoelinie, medium brown wlth

resinous lustre, poor cleavage and distinetive
X-ray powder paitern with numerous lines

aboy‘e 367A and a strong doublet at 3.00;\ and
2.97A.
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Introduction

In the past 15 years several hundred X-ray
powder diffraction patterns have been madec of
various tantalum-niobiumm minerals at the W.A.
Government Chemical Laboratories. Most of
these minerals were in concentrates submitted
for evaluation from the numerous widesprcad
W.A. localitics.

Prior to 1963 the majority of thesc pattcrns
showing general similarity were classified under
the gcneral heading of ‘‘columbite-tantalite”
following the classlficatiocn of E. S. Simpson
(1951, 1952). The variaticns in the patterns
were hot investigated as staff, cquipment and
timec were not available.

Onc particularly unusual pattern with split
major lines and described in the 1958 1ccords
as probably incnocllnic was later shown to be
of weodginite.

Wodginite was first described from Bernic

Lake, Manitoba, Canada by Nickel, Rowland
and McAdam in 1963 and namecd after the
sccond locality Weodgina, W.A. (lat. 21°25'S.

long. 118°30°E.)

The namc was in recognition of the record
by E. S. Simpscn of "manganixiolite”, which
was actually wodginite from Wodgina in 1909.

The Canadian work also gave further credence
to the new mineral olovotantalite, reinstated
ixicllte, and introduced the terms ordered and
dlsordercd columbitc-tantalite and pscudoixio-
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lite. Disordered columbite-tantalite and pseu-
doixiolite arc synonymous. The readcr is re-
ferred to Nickel, Rowland and McAdam (1963
a & b) for powder x-ray data.

The X-rayv patterns in the Laboratory file
under “columbite-tantalite” have been reclassi-
fied into the suggestcd groups and examples
found of each mineral cxcept olovotantalite.

A well crystallised specimen fromn each group

was selected for further work to apply the
Canadian workers' techniques to W.A. speci-
mens.

The study also correlated the colour, macro-
transparency, lustre, crystallinity, cleavage and
tin dioxide content of each mineral with the
X-ray powder pattcrns.

A combination of thc grain properties was
found to he useful for initial recognition of the
minerals in pegmatite or alluviumm and a valu-
able supplement to X-ray and chemical data.

Mineral Properties, Occurrence and X-ray
Crystallography

(a) Ordered Columbite-Tantalite

The X-ray powder pattern of ordered colum-
bite-tantalite, t(figure 1A) 1is distinguished
from other ‘“cclumnbite-tantalite” patterns by
the line of meoderate intensity at 7.134 (020)
and the weak line at 5.30A (110}.

Two patterns, of spccimen MDC 1266 from
Nullagine flat. 21°50’S. long. 120°7T'E.) and
speeimen MDC 3233 from Ravensthorpe (lat.
33°35'S. long. 120°0°E.) showed beoth lincs and
were cbviously of well crystallised mineral.

Two further occurrcinces wcere noted in 1967
in alluvial concentrates from Greenbushes (lat.
33°50'S. long. 116°0'E.) specimen MDC 550,
and Mt Franciscoe. (lat. 21°20°S. long. 118°28’E.).

Thie crystals from specimens MDC 550, 1266
and 3233 arse brown, elongated along the ¢
axis and have a good 010 clcavage.

A rounded alluvial grain from Mt. Francisco
was readily recognised as ordered columbite-
tantalitc by thc 010 clcavage whichh cven a high
degree of roundness could not obscurc.

Oscillation X-ray pattcrns of a small (0.1
mm! cleavage block from spccinen MDC 1266
gave axial lengths approximating the published
refined cell axes.

The ccll is oriented in the crystals with the
short cell dimension, ¢, aleng the crystal
clongation and the long cell dimension, b, aleng
the short crystal axis.

The oscillation X-ray pattern taken about
the b axis showed a triple “‘super-cell” i.e. cvery
third layer, h0l h3l h6l is equally strong and
the intcrvening layers are all cqually relatively



weak. This repetition is the result of stacking
three similar but not identical sub-cells along
the b axis of the columbite-tantalite cell.

{b) Iriolite

The X-ray powder pattern of ixiolite (figure
1E) can be distinguished from other ‘“‘colum-
bite-tantalite” patterns by the absence of any
line with a d spacing greater than 3.65 A (110).

Tin dioxide is considered to be an essential
part of the compositlon of ixiolite.

Specimens MDC 89, MDC 273 and $S389X
from Londonderry flat. 31°5'S. long. 121°7T'E.)
and MDC 2147 from Tabba Tabba tlat. 20°40'S.
long. 118°52°E.) were chosen from the X-ray
file because apart from the 6 A line of microlite
their patterns contained no lines above 3.65 A.

Spceimen MDC 2147, known to contain ap-
proxmmately 12 per cent tin dioxide was chosen
for single crystal study. The sample is com-
posed of numerous alluvial fragments and poorly
shaped pseudo-tetragonal ecrystals slightly
altered to mierolite. The mineral is dark
brown, brittle with a fine matte fracture sur-
face and no cleavage. Macroscopically the
grains are indistinguishable from cassiterite.

The crystal surfaces are usually strongly
marked by the co-crystallised pegiatite
minerals which have asserted their shapc against

the ixiolite. Mica flakes have imposed a pat-
tern of deep diagonal grooves and pseudo
cleavage “steps’” on a number of crystals. Speci-
men MDC 273 and S389X werc similar and had
identical X-ray patterns. However., specimen
MDC 89 was obviously not ixiolite as it was
black, massive and contained no tin.

A large crystal 3 em long and showing recog-
nisable 010 and 001 forms wlth two rough faces
possibly of the 110 prism was selected from
specimen MDC 2147 for crystal study.

Oricnted approximate cubes with 0.1 mm
sides were formed by breaking up 0.1 mm thick
sections cut perpendicular to the three crystal
axis. The two ground surfaces of the cubes were
a reference surface for approximate optical
alignment on the goniometer head.

Calculations of cell dimensions from the
oscillation X-ray patterns gave axial lengths
approximating the refined cell dimensions given
fog ixiolite, Nickel, Rowland and McAdam
11963h).

ic) Partially Disordered Columbile-Tantalite or
Pseudoiziolite

Most of the ‘columbite-tantalite” pattecrns
in the Laboratory X-ray file have some trace
of a line at 7,13 A indicating partial disorder.
The samples examined in detail have shown
in one crystal.

varying degrees of disorder

Figure 1.—X-ray powder diffraetion patterns.
B.—Reordered eolumbtite-tantalite (heated 1.000°C),

eolumbite-tantalite, speeimen MDC 618, Londonderry.
89 Londonderry.

Natural size.
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A.—Ordered eolumbite-tantalite, speeimen MDC 3233. Ravensthorpe.
tpeeimen MDC 89, Londonderry.

D.—fully disordered eolumbite-tantalite,
E.—Ixiolite, speeimen MDC 2147 Tabba Tabba.

C.—Partially disordered
speelmen MDC

F.—Wodginlte, speeimen S388B Wodgina.

Camera dlameter—11483 mm Collimatlon—0.5 mm. Radiation—Cuk,.



TABLE 1

Comparative data of eolwmbite-tantalite, iriolite and wodyginite from W, A,

Tin
g 3 Mucro g dioxide
Mineral Colour transparency Crystalinity Lustre  (leavage content  X-ray powder patteru
APProx.
per cent
I.
(()I(.;'A\llI!I'll‘l-l-'l‘.\!\"l’..\l.l'l’]-: I'lalh’* Transhueent to  Well shaped eryvstals  Vitreous  good 010 low iMstinetive ;. contains
A o . 3 s . T - 5 L) - L}
(1) Orderes rown transparent often developed v13 A and 530 A
Fites
(b)) Partially dsordered Black Opagque WeR shaped  erystals  Sub- none Tow Similar to ordered pal-
often developed, shape  metalie tern,  Contains weak
i . N &
retained in aHuvinm .11 A line
() Fully disordered Black Opsuue Well shaped  erystals  Sub- none Tow Simllar to ixiolite pat-
often developed, shape metallic tern, Re-orders  on
retained in alluvinm Iteating
e
INIOLITE Park Nearly oparque  Poorly shaped crystuds,  Resinous none I Bistinetive ; o lipe
Drown Shape often distorted s 2T 4
by silieate minerals IR
3.
WODGINITE Medinm  Translueent Prismalle o acienlar  Kesinous  poor Viries Distinetlve : many lives
hrown mazses, well rounderd np to T S 2
in aluvinm K Mgyt "7 AR A

Speeimen MDC 618, (ficure 1C) a large blaek
erystal showing no eleavage was celeeted from
the group. A chemieal test proved it to con-
tain only an insignificant amount of tin oxide.
Thin seetions were used to obtain oriented
cubes for the oseillation camera.

The rotation pattern about the b axis showed

faint remnants of the layers hll, h2l, h4l,
and hb5l, verifying the partial disorder along
this axis.

Speecimen MDC 89, (figure 1D.) bpreviously
rejected from the ixiolite group, was also
studied by X-ray oseillation patterns but
showed no traee of hll, h2l, h4l, and h5l

indieating that the sample is completely dis-
ordered.

On heating for 1 hour at 1000°C specimen
MDC 89 changed colour from blaek to brown
and the X-ray pattern <(figure 1B.) showed
that it had re-ordered.

(d} Wodginite

The powder pattern of wodginite (figure 1
F) ean be readily reeognised by the numerous
lines above 3.67 A.

Wodginite has
W.A. localities:—

been reeorded from three

(1) Wodgina, speeimens S388B and MDC
2782-3 in pegmatite.
(ii) ‘T'abba ‘Tabba, specimens S3315 and

specimen MDC 2259-60 from
coneentrates,

(iii) Marble Bar tlat. 21°5’S. long. 119°40'E)
Lab. No. 9846/58 from alluvium.

A further speeimen (Lab. No. 8800/66), was
submitted for evaluation in 1966 from an un-
specified locality, probably in the Wodgina
area. The sample was representative of a
commereial parcel of wodginite and eonsisted

eluvial

o
awd 297 A doublet

of brown well-rounded grains with the appear-
ance of alluvial monazite. The alluvial wodgi-
nite in speeimen Lab. No. 9846/58 from Marble
Bar is identieal with speeimen Lab No. 8800/66
in appearance.

The wodginite in speeimens S388B and MDC
2782-3 from Wodgina consists of brown resin-
opus crystals with prismatie to aeieular habit
in pegmatite. The mineral is distinguished by
poor eleavage from ordered eolumbite-tantalite,
by colour from disordered columbite-tantalite
and by habit from ixiolite and eassiterite.

The mineral from Tabba Tabba, speecimen
83315 and MDC 2259-60 eonsists of eluvial
pebbles of pale brown wodginite intergrown with
and veined by white simpsonite. The pebbles
are thiekly eoated with microlitz which in some
pieees has pseudomorphed the hexagonal shape
of the replaeed sinpsonite.

Specimmen S3315 was colleeted from Tabba
Tabba in 1929 possibly at M.L.312, site of the
first simpsonite oecurrenee.

Single crystal studies of wodginite were not
attempted since Nickel et al (1963a} have pre-
sented full data on material identieal with the
Wodgina specimens S388B and MDC 2782-3.
Positive identifieation of wodginite is still
dependent on its distinetive X-ray pattern.

Discussion

To date only a broad initial survey with
intensive work on a few speeimens has been
done with W.A. material, The findings of
Niekel, Rowland and MeAdam (1963a & Db)
appear to apply to the W.A. minerals examined,
Useful properties for initial sorting and ap-
proximate identifieation of the minerals before
X-raying have been noted and statements
about their frequeney of oceurrence can be
made.
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Nearly all the W.A. eolumbite-tantalite is
partially disordered. The powder pattern is
recognised by the weakness of the 7.13 A line
and the absenee of the 530 A line. Typieal
specimens are blaek, opaque, with a submetallic
lustre and no eleavage. Most material
exhibits some erystal shape, partieularly the
010 pinacoid faees so that some samples eon-
tain many thin reetangular plates.

Speeimen MDC 89 has been 1reeorded as a
completely disordered columbite-tantalite with
an X-ray pattern nearly identieal with ixiolite.

Ordered eolumbite-tantalite has been re-
corded from only four W.A. loealities. The
X-ray pattern is distinguished by the two lines
at 713 A and 530 A. The mineral is pale
brown, has a high transparency, and a good
010 cleavage.

Ixiolite has been reecorded from only two
W.A. loealities. The ixiolite X-ray pattern is
distinguished by having no lines above 3.65 A.
The mineral is dark brown, with no cleavage,
usually shows deep markings and contains tin
dioxide as an essential constituent.

Wodginite has been recorded from only three
loealities in W.A.

The wodginite X-ray pattern is recognised
by the numerous lines above 3.67A and the
splitting of the major line at 3.00 A. It is brown

with poor eleavage, shows no erystal shape in
alluvium and may contain up to 13 per eent
of tin dioxide.

The aceompanying Table 1 sets out the dis-
tinguishing features of the minerals.

Prints of X-1ay patterns of typieal specinens,
figure 1, are also ineluded.

The patterns were taken with a 114.83 mm
diameter eammera using CuKa radiation and 0.5
mm eollimation.
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